Résumé.-Cet article passe en revue certains résultats récents obtenus par spectromëtrie d'électrons sur des atomes, à l'aide du rayonnement synchrotron émis par l'anneau de stockage à électrons ACO, à Orsay, couplé dans certains cas avec l'utilisation du faisceau d'un laser à colorant continu. L'étude du calcium et de l'hélium dans l'état fondamental et d'atomes de sodium préalablement portés dans un état excité à l'aide du laser sert à illustrer l'état actuel des recherches en photoionisation atomique.
1. Introduction.-Since the first pionnering experiment on autoionizing levels of He revealed with the radiation emitted by the SURF synchrotron at the National Bureau of Standards, in Washington, (1) , large progress has been made in the production and in the use of intense flux of synchrotron radiation. Until modern electron storage rings became available, however, experiments with synchrotron radiation were limited mostly to photoabsorption experiments. During the past few years, the advent of toroidal grating monochromators (2) mounted on electron storage rings extended considerably, at least in the energy region covered by this paper, typically between 5 and 200 eV, the potentialities of synchrotron radiation. With the higher flux of photons now routinely available, selective spectroscopies such as electron spectrometry or fluorescence spectroscopy, could be used in a much more efficient way to analyse, in details the various aspects of the photoionization process in gaseous samples. To illustrate this progress, we show first in Fig.l the photoabsorption spectrum of He in the energy region of the doubly excited states of the n=3 series, measured in 1969 by Dhez and Ederer.O) Only the first member of the series is detectable, with a poor contrast, beacuse of the very low partial cross section associated with this channel, less than 1% of the total photoabsorption cross section.In 1980, Woodruff and Samson (4) used the fact that the final state of the autoionization process following excitation of the n=3 series is the n=2 excited state of He + . Then, this excited state can only decay via fluorescence emission to the ground state of the ion, in emitting photons of 40.8 eV. The detection of this fluorescence brings direct information on the cross section for leaving the residual ion in the n=2 excited state within the resonance region, and consequently on the cross section for exciting the resonances of the doubly excited states. These results are shown in Fig.2 . They are also a clear illustration of the large progress made possible over a period of 10 years by the improvements in the technology of synchrotron radiation.
Rare gas atoms were the first elements to be extensively studied, because of their easy handling. Considerable information has thus been obtained on these closed shell systems. 
Wavelength (A) meter. Systematic analysis of energy resolved e l e c t r o n s p e c t r a a r e j u s t s t a r t i n g and angular d i s t r i b u t i o n measurements of the photoelectrons a r e s t i l l d i f f i c u l t experiments. The reader i s r e f e r r e d t o a recent review (7) f o r more d e t a i l e d information on the s t a t e of the a r t i n t h i s domain.
Up to a recent past, a l l photoionization measurements c a r r i e d out with synchrotron r a d i a t i o n had been made when the i n i t i a l s t a t e of the atom under i n v e s t i g a t i o n was t h e ground s t a t e . The coupling of a beam from a cw dye l a s e r with synchrotron radiat i o n opened r e c e n t l y the way to a whole new c l a s s of experiments on atoms prepared i n excited s t a t e s . (8) I n t h i s paper, a f t e r having b r i e f l y described a typical experimental s e t up f o r the study of photoionization processes with synchrotron r a d i a t i o n , we w i l l present three r e c e n t examples of e l e c t r o n spectrometry s t u d i e s to i l l u s t r a t e the types of experiments t h a t a r e presently achievable. These a r e energy resolved photoemission and Aug e r emission i n atomic Ca, angular d i s t r i b u t i o n of photoelectrons leaving t h e ~e~ i o n i n i t s f i r s t excited s t a t e , photoionization and autoionization processes i n l a s e r excited sodium atoms. * entrance s l i t , S 2 = e x i t s l i t , S = i n t e r a c t i o n zone, C = channel tron.
2.
Experimental s e t up .-A l l experiments described here made use of the synchrotron r a d i a t i o n emitted by the ACO storage r i n g i n Orsay, i n the 20-200 eV photon energy range. Fig.3 shows a schematic diagram of the A61 beam l i n e and the v e r t i c a l l y d i spersing 161' t o r o i d a l g r a t i n g monochromator used t o monochromatize the synchrotron r a d i a t i o n . ( 9 ) . The l i g h t coming from ACO i s f i r s t r e f l e c t e d i n the horizontal plane i n t o the A61 beam l i n e by a plane mirror M and f a l l s on a t o r o i d a l mirror PM. This mirror focuses the synchrotron r a d i a t i o n on the entrance s l i t S1 of the monochromator. After d i f f r a c t i o n by one of the two interchangable g r a t i n g s G, the monochromatic lig h t passing the e x i t s l i t i s deflected back t o the horizontal by a second t o r o i d a l mirror RM which focuses the monochromatic l i g h t i n t o the source volume of an e l e c t r o n spectrometer. The c h a r a c t e r i s t i c s of the photon beam a t the i n t e r a c t i o n zone (photon f l u x , higher order contributions, band width and p o l a r i z a t i o n ) have been determined by photoemission experiments on selected atoms. (9) h t h e energy range of i n t e r e s t , t y p i c a l photon f l u x of 1012 photons/sec i n a 1 % band width a r e routinely a v a i l a b l e with ACO runing a t 80 mA. Ultimate r e s o l u t i o n of about 0.1% can be obtained with t h i s monochromator.
The e l e c t r o n spectrometer i s a c y l i n d r i c a l mirror analyzer s p e c i a l l y designed f o r experiments with synchrotron radiation. I t has been widely used f o r photoemission experiments on atoms and molecules.(5) The main a x i s of the CMA i s d i r e c t e d p a r a l l e l to the photon beam. For e l l i p t i c a l l y polarized r a d i a t i o n , the d i f f e r e n t i a l photoionizat i o n cross s e c t i o n f o r e l e c t r o n s being ionized i n t o the ith channel i n t o the continuum -i s : 2
where (3i i s the angular assymetry parameter f o r t h e i t h channel, p i s the magnitude of the polarization, P2 i s the Legendre polynomial of second order, 8 x , 8 y , 8 z a r e the angles the photoelectrons make with the x , y and z axes, r e s p e c t i v e l y (see ~i g . 4 )~~ The photons propagate i n the z d i r e c t i o n . I f one c o l l e c t s a l l photoelectrons which a r e emitted i n a cone under the so-called magic angle of 54O44' (P2 = 0 f o r t h i s angle), the d i f f e r e n t i a l photoionization cross s e c t i o n i s simply proportional to the absolute cross s e c t i o n and the r e l a t i v e i n t e n s i t i e s measured i n an energy resolved photoelectron spectrum a r e indepent on the an u l a r d i s t r i b u t i o n of the photoelectrons and p o l a r i z a t i o n of the synchrotron l i g h t . l b Fig.5 presents a layout of the e l e c t r o n spectrometer. When r a r e gases o r molecular gases a r e being studied, the gaseous samples i s introduced i n t o the i n t e r a c t i o n zone through a m u l t i c a p i l l a r y a r r a y , perpendicularly t o the z a x i s and t o the plan of the f i g u r e . 1 1 For experiments with m e t a l l i c vapors,l2, l 3 a s t a i n l e s s s t e e l oven i s placed on the a x i s of the CMA. I t i s r e s i s t i v i c a l l y heated by tantalum wires and a maximum For the f i r s t experiments combining the use of a cw dye l a s e r t o c r e a t e a steady pop u l a t i o n of atoms i n an excited s t a t e and of synchrotron r a d i a t i o n t o photoioniee the e x c i t e d atoms, l 4 the same CMA was used t o analyze the e l e c t r o n s e j e c t e d from t h e i n t e r a c t i o n zone. The l a s e r beam was introduced through a window i n the wall of the vacuum chamber and i r r a d i a t e d the vapor beam a t r i g h t angle t o i t s mean direct i o n (see Fig.5 ). The l a s e r beam was adjusted t o f i t the shape of the source voEume (length along the a x i s~, 6 m , center of the zone located a t 8 mm from the oven, a c t ive volume* 0.05 cm3). The l a s e r was a cw s i n g l e mode ring dye l a s e r pumped by an A r i o n l a s e r of 18 watts. I t was able t o d e l i v e r up to 1.2 watt when locked to the 3 F = 2 * 3 2~3 / 2 F = 3 hyperfine component of the D2 resonance l i n e of so- Fig.5 -Layout of the electron spectrometer with the oven. The cooling chamber around the oven i s not shown. 0 = oven; GF = gold f o i l with e l e ctrometer amplifier monitoring the photon f l u x ; CH = channeltron. The photons from the synchrotron r a d i a t i o n a r e coming from the l e f t , the photons from the l a s e r a r e coming from the top. dium a t 5890 i.
For angular resolved photoemission experiments, the CMA can be modified by apertur i n g the inner-cylinder t o r e s t r i c t the azimuthal acceptance.(l5,16) Only those el e c t r o n s a r e detected t h a t a r e emitted i n t o an angular s e c t o r 2' i n the 0 , direct i o n centered around the magic angle of 54'44', and *7' i n the azimuthal d i r e c t i o n perpendicular to the a x i s of symmetry of the spectrometer. Photoelectrons can be measured a s a function of angle f o r values of ranging from -90' to +90°. The pol a r i z a t i o n of the r a d i a t i o n and the spectrometer function a r e determined using c a l ib r a t i o n gases with known asymmetry parameters.
I n the following examples, we w i l l describe i n a q u a l i t a t i v e way the type of process e s t h a t can be studied i n photoemission experiments, r e f e r r i n g the reader t o the or i g i n a l papers f o r a comprehensive a n a l y s i s and i n t e r p r e t a t i o n of the r e s u l t s .
3. Continuous and Resonant Photoemission i n Calcium. -From a t h e o r e t i c a l point of view, atomic calcium i s a very i n t e r e s t i n g system, showing a l a r g e v a r i e t y of many e l e c t r o n e f f e c t s (17) . I n the photon energy range covered by these experiments, ther e a r e several subshells r e l a t i v e l y close i n binding energy, o f f e r i n g an e x c e l l e n t opportunity t o study c o r r e l a t i o n e f f e c t s between a r e l a t i v e l y deep inner s h e l l and s e v e r a l o u t e r s h e l l s . Moreover, there a r e a number of lowlying empty l e v e l s which overlap strongly with the occupied l e v e l s . I n addition, the 3d wavefunction of the ~a * i o n with a hole i n the 3p core c o n t r a c t s i n such a way t h a t the binding energy i n t h i s o r b i t a l i s higher than the binding energy of the 4s e l e c t r o n s , a t variance with the ground s t a t e . Thus, shake down as well a s shake up s a t e l l i t e s may be obderved when a Ca atom i s ionized i n the 3p subshell. (17) ( a shake up s a t e l l i t e appears i n the photoelectron spectrum a t a k i n e t i c energy lower than the energy of the maili l i n e : i t corresponds t o a photoionization process i n which a second e l e c t r o n i s simultaneously excited t o an empty o r b i t a l of lower binding energy; a shake down s a t e l l i t e appears a t higher k i n e t i c energy than the main l i n e and corresponds to a photoionization process i n which a second e l e c t r o n f a l l s simultaneously onto an orb i t a l of higher binding energy).
The binding energy of the 4s and 3p e l e c t r o n s i n n e u t r a l Ca a r e 6.11 eV and 34.31 eV ( f o r t h e 2~3 1 2 f i n a l i o n i c s t a t e ) and 34.66 eV ( f o r the 2~1 1 2 s t a t e ) , respectively. Peaks of i n t e r e s t a r e labeled by spectroscosymbols (from Ref.
A wealth of s t r u c t u r e caused by resonant t r a n s i t i o n s involving one o r two 4s electrons have been observed i n the photoabsorption spectrum of Ca, below and above the 4s i o n i z a t i o n threshold.(l8) Photoabsorption i n the energy region of the 3p ionizat i o n threshold has been extensively measured, revealing the existence of more than 125 l i n e s . ( l 9 ) Fig.6 -shows t h i s r i c h spectrum between 25 eV and 40 eV photon energy.
Many of these resonance l i n e s have been c l a s s i f i e d i n t o several s e r i e s involving the e x c i t a t i o n of one 3p e l e c t r o n , accompanied i n some cases by the simultaneous e x c i t a t i o n of the 4s valence subshell.(l9)
An e l e c t r o n spectrum of atomic Ca had been previously obtained, using d i s c r e t e W emission l i n e e x c i t a t i o n (He I , a t 21.2 eV, see Fig.7 ).(20) I t shows one main peak a t 6.11 eV binding energy, corresponding to the ~a + ( 4 s 2~) f i n a l s t a t e and four lower i n t e n s i t y peaks, c a l l e d s a t e l l i t e l i n e s , whose binding energies correspond respectively t o the 3d '~~/ 2 , 5 / 2 , 4p 2~1 / 2 312 , 5 s 2~1 / 2 and 4d 2~3 / 2 , 5 / 2 f i n a l s t a t e s . At 29 eV photon energy, outside of m y resonance region, i n a f l a t p a r t of the absorption spectrum , i n Fig. 8 , the e l e c t r o n spectrum obtained using synchrotron r a d i a t i o n (21) i s b a s i c a l l y the same a s a t 21.2 eV. The production of ions l e f t i n the 3d 2~ o r 4p 2~ excited s t a t e s can be a t t r i b u t e d mainly t o i n i t i a l s t a t e configuration i n t e r a c t i o n (ISCI). The ground s t a t e of Ca i s not purely a 4s2 s t a t e , but should be described as shown i n Fig.9 ( 2 2 ) , by admixing a d d i t i o n a l configurat i o n s of the same symmetry. (20) The weight of the various configurations i s usually determined from c a l c u l a t i o n s of the t o t a l energy. The N-electron f i n a l s t a t e of the photoemission process must have IP symmetry. However, i t can be made up of a wide v a r i e t y of s t a t e s of ~a + plus a continuum s t a t e of appropriate symmetry. Each of the one-electron s t a t e i n ~a + t h a t can be reached by removal of an e l e c t r o n from configurations such a s the ones shown i n Fig.9 can show up i n the e l e c t r o n spectrum. I n f i r s t approximation, the i n t e n s i t y of the corresponding l i n e s i n the e l e c t r o n spectrum should give a measure of t h e e x t e n t to which the various n e 2 configurations a r e admixed i n t o the ground s t a t e . A comparison (20) of t h e squares of the mixing c o e f f i c i e n t s a2, b2 and c2 obtained from a Multi-Configuration Hartree Fock calculations (23) with the experimentally observed s a t e l l i t e i n t e n s i t i e s give a good agreement f o r the 4p 2~ s t a t e , but not f o r the 3d 2~ s t a t e : i n t h i s l a t e r case, the differences i n photoionization cross sections a r e probably too l a r g e to be neglected.
Population of higher excited s t a t e s of the i o n may be accounted f o r by ISCI, i n t e rchannel coupling and, f o r the (n+l)s 2s s t a t e s by shake up t r a n s i t i o n s ( or,more generally, by f i n a l i o n i c s t a t e configuration i n t e r a c t i o n -FISCI), but the different i a t i o n between the individual contributions becomesmore and more d i f f i c u l t .
When one increases the photon energy by r e g u l a r s t e p of energy i n t e r v a l , the shape of the e l e c t r o n spectrum changes dramatically a t some s p e c i f i c photon energies. For example, a t 29.98 eV, strong enhancements of the 3d 2~ and 4p 2~ e l e c t r o n l i n e s a r e observed(24), a s shown i n the lower frame of Fig.10 . The absolute i n t e n s i t y of the 4s 2s l i n e does not vary a t t h i s energy, but the i n t e n s i t i e s of production of the
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by more than one order of magnitude. This photon energy corresponds t o the e x c i t a t i o n energy of a 3 3 from the 3p64s2 to the 3p5(3d ~P )~P i n t e rtwo IW mediate s t a t e . ( l 9 ) Then, t h i s autoionizing s t a t e decays to the 3p63d ;but t h e P enhancement of t h e 3p64p f i n a l s t a t e seems -loo0
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t o i n d i c a t e t h a t a 3p53d24p excited s t a t e of n e u t r a l calcium i s a l s o produced by
z photoabsorption a t t h i s energy. . one 3p e l e c t r o n can be reached a t t h i s photon energy within the band pass of the mo-. nochromator: 5 2 5 2 ca(3p64s2 IS) + h 3 -+ 3p 4s 3d, 3p54s24d, 3p53d3, 3p54p23d, 3p 3d 4s
One observes t h a t a g r e a t number of highly excited s t a t e s of ~a + a r e strongly enhanced, on a r e l a t i v e a s well a s on an absolute s c a l e . This gives evidence of the strong rearrangement i n the e x c i t a t i o n process and of the importance of autoionization and Auger processes i n the subsequent decay of the intermediate n e u t r a l excited s t a t e . Shake up and conjugate shake up t r a n s i t i o n s must a l s o take place during the autoionization and Auger processes, since f i n a l s t a t e s of Ca+ a s high a s 3p65d-6d-4f-5f show l a r g e i n t e n s i t i e s . Since the d i r e c t photoionization processes i s very weak f o r most of these f i n a l s t a t e s , no i n t e r f e r e n c e e f f e c t can occur, a s confirmed by the symmet r i c shape of most of the e l e c t r o n l i n e s . The apparent broadening of the l i n e around 13.6 eV i s l i k e l y due t o overlapping e f f e c t s r a t h e r than t o post c o l l i s i o n i n t e r a ct i o n . (26) Increasing f u r t h e r the photon energy, as soon a s one has crossed the 3p i o n i z a t i o n threshold, the spectrum i s dominated by i o n i z a t i o n i n the 3p subshell. Fig. 12 shows the e l e c t r o n spectrum obtained a t 36.5 eV.(25) Electron l i n e s due to i o n i z a t i o n i n the o u t e r s h e l l have become very weak. The most intense e l e c t r o n l i n e s a t 16. 16.67 eV a r e due t o the Auger decay of a 3p hole leaving the r e s i d u a l dcubly charged i o n i n the 3p6 I S s t a t e . The photoelectron l i n e s due t o i o n i z a t i o n of a 3p e l e c t r o n , seen below 3 eV k i n e t i c energy, show up with very l i t t l e apparent i n t e n s i t y , because the e l e c t r o n spectrum has n o t y e t been corrected f o r the energy d i s p e r s i o n of the CMA. Since the i o n i c s t a t e s 3p54s2 2~1 / 2 , 3 / 2 a r e n o t the lowest s t a t e s of ~a + i o n with a hole i n the 3p core, ( l 7 ) , because of the c o n t r a c t i o n of the 3d o r b i t a l , one observes, i n t h i s v i c i n i t y of t h e 3p threshold, a l a r g e number of a d d i t i o n a l Auger l i n e s of lower energy with l a r g e i n t e n s i t i e s . They correspond to a number of shake down l e v e l s ( a t l e a s t seven a r e e a s i l y d i s t i n g u i s h a b l e ) . For some of these Auger l i n e s excited very c l o s e to threshold, a l a r g e number of phenomena associated with PC1 a r e d e t e c t a b l e . (26) F i n a l l y we show i n Fig.13 t h e e l e c t r o n spectrum measured a t higher photon energy (47.32 eV) f a r above threshold. (24) Here, the f u l l 3p photoelectron s ectrum i s seen.
5
On both s i d e s of the main photoelectron l i n e , noted B ( f i n a l s t a t e 3p 4s2 2~) , one observes s a t e l l i t e l i n e s : shake up l i n e s , a t lower k i n e t i c energy, noted C to F; one shake down l i n e a t higher k i n e t i c energy, noted A. Each of these f i n a l s t a t e s decays mostly v i a Auger emission and the photoelectron spectrum i s mirrored i n the Auger spectrum ( peaks A' to F ' ) .
From s p e c t r a such a s the ones presented i n Figs 8 to 13, the energy v a r i a t i o n of the p a r t i a l photoionization cross s e c t i o n s corresponding t o each f i n a l s t a t e of the i o n can be extracted and compared to the t h e o r e t i c a l predictions. These r e s u l t s w i l l be presented elsewhere. (25) 4. Photoionization of He above the n = 2 i o n i z a t i o n threshold .-He i s the simplest atomic system t h a t e x h i b i t s e l e c t r o n c o r r e l a t i o n e f f e c t s i n the photoionization process. From a t h e o r e t i c a l p o i n t of view, i t enables t h e o r i e s t o be t e s t e d , which can be used l a t e r on f o r more complex atoms. From the experimental point of view, the development of i n t e n s e synchrotron r a d i a t i o n sources and of e l e c t r o n spectrometry on gaseous samples offered new p o s s i b i l i t i e s t o study q u a n t i t a t i v e l y the d e t a i l s of the photoionization process, i n p a r t i c u l a r t h e simultaneous photoionization and e x c i t at i o n of the He atom i n the f i r s t 50 eV above the n=2 i o n i z a t i o n threshold. Thus, intense a c t i v i t y has been r e c e n t l y developed, i n theory a s well i n experiment. For n J 4 , the photolines a r i s i n g from these h i g h e r e x c i t e d s t a t e s overlap, because of the experimental r e s o l u t i o n . I n a d d i t i o n , t h e f ine s t r u c t u r e s p l i t t i n g of the e x c i t e d s t a t e s i s so small, l e s s than 1 meV f o r n-2, t h a t the ns and np f i n a l s t a t e s a r e quasi-degenerate and cannot be d i f f e r e n t i a t e d i n an energy resolved photoelectron spectrum. 
Photoionization of He can leave the r e s i d u a l p o s i t i v e ion e i t h e r i n i t s ground

Since FISCI i s s t r i c t l y forbidden i n Hef, the o r i g i n of these e x c i t e d s t a t e s comes from ISCI and from Interchannel Coupling ( o r continuum s t a t e c o n f i g u r a t i o n i n t e r a ct i o n , CSCI). The energy dependence of the i n t e n s i t y of t h e s e s a t e l l i t e s i s a s t r i ngent t e s t of the r e l a t i v e importance of these two c l a s s e s of c o r r e l a t i o n processes, s i n c e only CSCI i s expected t o produce l a r g e v a r i a t i c n s of the c r o s s s e c t i o n s i n the low k i n e t i c energy region above threshold. W e comment f i r s t on the absolute c r o s s s e c t i o n f o r leaving t h e r e s i d u a l i o n i n an e x c i t e d s t a t e . From s p e c t r a such a s the one presented i n Fig.14, t h e r e l a t i v e cont r i b u t i o n of each f i n a l s t a t e t o t h e t o t a l photoabsorption c r o s s s e c t i o n can be determined. Using t h e d a t a obtained i n double photoionization s t u d i e s (27-29) and normalizing the r e l a t i v e c o n t r i b u t i o n s t o the t o t a l c r o s s s e c t i o n measured i n photoabsorpti'on experiments,(30) i t was then p o s s i b l e t o determine the a b s o l u t e values of each p a r t i a l c r o s s s e c t i o n . Such an a n a l y s i s has been made f o r the n=2 c r o s s s e c t i o n (31) and f o r the very weak n=3 c r o s s section.(16,32) Fig.15 p r e s e n t s the r e s u l t s obtained by Wuilleumier e t a1.(31) f o r t h e n=2 c r o s s s e c t i o n . The energy dependence of t h i s c r o s s s e c t i o n was a l s o measured (33) with the fluorescence technique d e s c r ibed i n t h e i n t r o d u c t i o n (4); from these fluorescence d a t a , the v a r i a t i o n of t h i s c r o s s s e c t i o n on a r e l a t i v e s c a l e was obtained (33) and found t o be i n good agreement with t h e e l e c t r o n spectrometry d a t a (31). However, no a b s o l u t e values of t h i s n=2 c r o s s s e c t i o n could be e x t r a c t e d from t h e fluorescence measurements: the absol u t e s c a l e shown i n the ~u b l i s h e d r e s u l t s (33) could be obtained o n l y by normalizing t h e r e l a t i v e values t o the e l e c t r o n spectrometry d a t a , a t 82.5 eV photon energy.(33) Very r e c e n t l y , a new e l e c t r o n spectroscopy experiment, p r i m a r i l y devoted to the s t udy of t h i s n=2 c r o s s s e c t i o n a c r o s s the autoionizing doubly e x c i t e d s t a t e s of the n= 3 series provided r e s u l t s i n good agreement (34) with t h e f i r s t e l e c t r o n spectro-
h9,PHOTON ENERGY (eV)
Fig. 15.-V a r i a t i o n of the a b s o l u t e value of t h e p a r t i a l c r o s s s e c t i o n f o r photoi o n i z a t i o n of H e leaving the r e s i d u a l p o s i t i v e i o n i n the n=2 f i n a l s t a t e . The experimental p o i n t s a r e from e l e c t r o n spectrometry measurements(Ref.31); t h e var i o u s curves a r e the r e s u l t s of t h e o r e t i c a l c a l c u l a t i o n s by S a l p e t e r and Zaidy
I n Fig.15, t h e experimental r e s u l t s a r e compared t o f o u r d i f f e r e n t t h e o r e t i c a l calcul a t i o n s . S a l p e t e r and Zaidy (Ref.35) took i n t o account only c o r r e l a t i o n s i n t h e i n it i a l s t a t e of t h e atom, by using a h i g h l y c o r r e l a t e d Hylleraas type wave f u n c t i o n f o r the i n i t i a l s t a t e and hydrogenic wave functions f o r t h e f i n a l s t a t e . Jacobs and Burke (36) included the coupling between t h e 2s and 2p s t a t e s of He+ with a 56-term Hyller a a s type wavefunction f o r t h e i n i t i a l s t a t e and a Is-2s-2p close-coupling wavefunct i o n f o r t h e f i n a l s t a t e . Chang (37) used many-body theory f i r s t developed by Chang and Fano (38), i n c l u d i n g a l a r g e number of c o n f i g u r a t i e n s t o d e s c r i b e t h e i n i t i a l and f i n a l s t a t e s . Very r e c e n t l y , Berrington e t a l . (39) c a r r i e d out c a l c u l a t i o n s using
t h e R-matrix approach: they represented c o n s i s t e n t l y both the i n i t i a l s t a t e and f i n a l s t a t e s by-the-same e y a n s i o n b a s i s , i n c l u d i n g I s , 2s and 2p e i g e n s t a t e s of ~e + a s well a s 3s, 3p and 3d pseudostates i n the expansion of the wavefunctions. The r e s u l t s of these c a l c u l a t i o n s a r e p l o t t e d i n Fig.15 . The s i x -s t a t e l e n g t h c a l c u l a t i o n of Ber--r i n g t o n e t a l . (39) (which a r e p r e f e r e d t o the v e l o c i t y form by t h e authors, because they show f a s t e r convergence than t h e v e l o c i t y c a l c u l a t i o n s ) and t h e many-body veloc i t y c a l c u l a t i o n s of Chang (37) a r e i n very good agreement with the experimental measurements (31, 16) , with maybe a s l i g h t tendancy f o r t h e most r e c e n t c a l c u l a t i o n s (39) t o be the c l o s e s t t o the experiment.
A more s e n s i t i v e t e s t of the various c a l c u l a t i o n s was t o determine the r a t i o of t h e c r o s s s e c t i o n f o r leaving the ion i n the 2p s t a t e t o t h e c r o s s s e c t i o n f o r leaving t h e i o n i n t h e 2s s t a t e . A q u a l i t a t i v e l y d i f f e r e n t behavior was p r e d i c t e d by the t h r e e f i r s t c a l c u l a t i o n s before experiments could be done. This r a t i o R i s an image of t h e symmetry of the f i n a l s t a t e and could then be determined by angular d i s t r i b ut i o n measurements. Turning back to t h e general f orm of the d i f f e r e n t i a l photoionizat i o n c r o s s s e c t i o n ( E q . l ) , c h a s t o be replaced by the sum of the o a r t i a l c r o s s sec-
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BINDING ENERGY (eV) Fig.16 .-Angular r e s o lved photoelectron spect r a of He taken a t 90 eV f o r two d i f f e r e n t values of the angle : 90' ( l e f t p a r t ) and 0" ( r i g h t p a r t ) . Both s p e c t r a a r e normalized to a same int e n s i t y f o r the n=l photoline.(from Ref.l5,16 ). t i o n s unZ2 = (uzs + mzp) and 13. by , a weighted asymmetry parameter which i s the q u a n t i t y measurable experimentally. Assuming t h a t the 2s and 2p f i n a l s t a t e s can be t r e a t e d separately, the form f o r (3 is: I t has been shown t h a t 01 must be equal to 2 f o r e l e c t r o n s leaving the i o n i n the 2s s t a t e . ( 3 6 ) . Thus, from c a l c u l a t e d values of (32p and measured values of (3 , one can determine the r a t i o R from the r e l a t i o n : Using the experimental s e t up previously described, Bizau e t a1. (15) were able to measure angular resolved spectra of He. Fig.16 shows an example obtained a t the same photon energy a s the angular i n t e g r a t e d spectrum of Fig. 14. From these s p e c t r a , the values o f ( 3 were e x t r a c t e d . The r e s u l t s a r e shown i n Fig.17 . For experimental reasons, t h e lowest l i m i t of these experiments was 75 eV, i . e . 10 eV above the threshold. Later on, a new experiment was c a r r i e d o u t by Schmidt e t a1. (40) , using the synchrotron r a d i a t i o n available a t Hasylab i n Hamburg.-With an improved experimental s e t up s p e c i a l l y designed f o r angular d i s t r i b u t i o n measurements, they were able t o measure the asymmetry parameter down to 2 eV k i n e t i c energy f o r the n=2 photoelectron l i n e . Above 75 eV, the new d a t a a r e i n e x c e l l e n t agreement with the previous measurements, a s seen i n Fig.17 . A t 67.5 eV the value of (3 was found equal t o zero. I n Fig. 17 , the individual t h e o r e t i c a l values calculated f o r (3 2p by Jacobs and Burke (36) and by Chang (37) a r e a l s o shown. The d i f f e r e n c e s between the two calcul a t i o n s a r e small. This i s not the case a t low photon energy f o r the t h e o r e t i c a l values of (3 c a l c u l a t e d i n using the R values determined i n both theories. A t threshold the experiment seems t o favor the Jacobs and Burke c a l c u l a t i o n s , while above 75 eV, the experimental data come c l o s e r to the Chang r e s u l t s . This i s confirmed by two more recent, s t i l l unpublished measurements of (3 c a r r i e d out over an extended photon energy range. (34, 41) . The comparison between theory and experiment i s made eas i e r when one p l o t s the v a r i a t i o n of R, a s presented i n Fig.18 . I n t h i s f i g u r e a r e shown the experimental values obtained from the published angular d i s t r i b u t i o n res u l t s (15, 40) and :ram data obtained i n fluorescence experiments.(4) Using a s t a t i c e l e c t r i c f i e l d t o cause the metastable l e v e l 2s to mix with the 2p l e v e l and measur i n g the fluorescence s i g n a l with and without the e l e c t r i c f i e l d applied, Woodruff and Samson (4) obtained information on the r e l a t i v e population of 2s and 2p l e v e l s . However, the i n t e r p r e t a t i o n of such an experiment i s d i f f i c u l t , because of the l a r g e number of o t h e r processes capable of modifying these populations, i n p a r t i c u l a r the W e f i r s t discuss the comparison between the various experimental r e s u l t s . A l l angul a r d i s t r i b u t i o n measurements (15, 40) , including the unpublished d a t a (34,41) a r e i n c l o s e agreement a l l together near threshold a s well a s above 75 eV. The influence of the autoionizing s t a t e s belonging t o the doubly e x c i t e d s t a t e s of the n=3 and n=4 s e r i e s between 69 and 75 eV w i l l not be discussed here. Above 75 eV, the angular d i st r i b u t i o n r e s u l t s a r e s i g n i f i c a n t l y lower than suggested by the fluorescence d a t a . For f u r t h e r comparison with theory,we w i l l keep the angular d i s t r i b u t i o n r e s u l t s . J u s t above threshold, angular d i s t r i b u t i o n and fluorescence r e s u l t s , a r e i n good agreement. Turning now t o an examination of the t h e o r e t i c a l r e s u l t s , i t was already evident, before the most recent t h e o r e t i c a l r e s u l t s of Berrington e t a l . became av a i l a b l e , t h a t the experimental d a t a were favouring the close coupling c a l c u l a t i o n s (36) i n the immediate v i c i n i t y of the threshold, but t h a t the decreasing of R with increasing photon energy was much f a s t e r than predicted by t h i s theory (42) . This was already the case f o r the n=2 t o t a l cross s e c t i o n (31). Above 75 eV, the r e s u l t s of Bizau e t a1. (15) were suggesting a value of R c l o s e t o 1 with a tendency t o decrease slowly with increasing photon energy. Taking i n t o account t h e s i z e of the experimental e r r o r b a r s , the t h e o r e t i c a l r e s u l t s of Chang (15) were c l o s e r t o the experimental r e s u l t s than the r e s l l t s of Jacobs and Burke between 75 and 100 eV. This i s f u l l y confirmed by the more accurate measurements of Schmidt e t a1. (40) , b u t the turning point and the change i n the v a r i a t i o n of R i n the many-body r e s u l t s around 90 eV i s i n contradiction with the experimental data. The c l o s e agreement between the experimental data , between75 and 80 eV, and the many-body r e s u l t s should probably be considered a s accidental. I t must be mentionned t h a t a possible f a i l u r e of the many-body predictions below the double i o n i z a t i o n threshold a t 79 eV was not To conclude, f u r t h e r c a l c u l a t i o n s including the e f f e c t of the resonance below 79 eV a r e highly d e s i r a b l e a s well a s new fluorescence measurements above 85 eV, c a r r i e d out a t lower pressure and with improved i n t e n s i t y .
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5. Photoionization and autoionization out of l a s e r excited sodium atoms. -The i n f o rma t i o n obtained from photoionization experiments on atoms i n the ground s t a t e , while having a g r e a t value, i s somewhat restrictive.Because of the dipole s e l e c t i o n r u l e s , only a limited c l a s s of s t a t e s can be probed. Furthermore, the i n i t i a l s t a t e i s o f t e n an ensemble of n e a r l y degenerate l e v e l s , p a r t i c u l a r l y i n open-shell atoms. With the r e c e n t advent of high power-frequency tunable dye l a s e r s , i t has become possible to prepare the i n i t i a l s t a t e i n a s p e c i f i c way. I n t e r a c t i o n of photons with such exc i t e d s t a t e s i s of fundamental importance i n atomic physics. Photoionization of excited s t a t e s a r e probably among t h e most e a s i l y i n t e r p r e t a b l e experiments t h a t may be performed. I n p a r t i c u l a r , new e f f e c t s have been predicted (46) f o r t h e energy dependence of the corresponding photoionization cross sections which a r e expected to pres e n t , i n some cases, up t o three minima i n the e + ( 2 + 1) channel and one i n the e -+ ( t -1) channel. I n a d d i t i o n t o the c a p a b i l i t y of preparing a system i n a spec i f i c s t a t e , the e x c i t a t i o n of an outer e l e c t r o n can modify s t r o n g l y the e f f e c t i v e p o t e n t i a l experienced by inner e l e c t r o n s with high o r b i t a l quantum numbers: i n t h i s way, the collapse (47) o r , a l t e r n a t e l y , the c o n t r a c t i o n (48,49) of atomic wavefunct i o n s could be controlled. Furthermore, when one s t a r t s from an o p t i c a l l y excited s t a t e , i t i s a l s o possible to produce autoionizing s t a t e s having the same p a r i t y a s the ground s t a t e and thus to o b t a i n experimental information on the geometrical and dynamical p r o p e r t i e s of atoms from s t a t e s h i t h e r t o inaccessible.
Photoionization from metastable excited s t a t e s and from l a s e r excited s t a t e s has been observed. (50) I n most of these cases, the i o n i z i n g r a d i a t i o n was produced by s i n g l e absorption of a l a s e r beam.With t h i s mode of e x c i t a t i o n , the energy range explored was limited t o a few v o l t s above threshold. Pioneering measurements from l a s e r excited intermediate s t a t e s have been made over a broad photon energy range, using the pulsed emission of continuum r a d i a t i o n from a BRV souce between 30 and 100 eV, t o probe the photoabsorption spectra of l a s e r e x c i t e d s t a t e s i n Na (51) and i n Li. (52) . For more d e t a i l e d information about photoionization of e x c i t e d s t a t e s using l a s e r source a s the ionizing agent, the reader i s r e f e r r e d to a recent review. (53) .
The wide spectrum of energies a v a i l a b l e with synchrotron r a d i a t i o n was an obvious extension of the l i m i t e d s p e c t r a l r a n g e t h a t can be reached with present day 1 a s e r s . h p a r t i c u l a r , inner s h e l l photoionization of excited atoms could be studied only with a n intense source of continuum r a d i a t i o n i n the VW range. W e would l i k e t o give her e some information about the f i r s t successful use of synchrotron r a d i a t i o n t o study photoionization and autoionization from l a s e r excited s t a t e s i n atomic sodium. (8, 54, 55) . Two s e r i e s of experiments were c a r r i e d out i n which e l e c t r o n s p e c t r a e j e c t e d by synchrotron r a d i a t i o n from l a s e r e x c i t e d M a atoms were energy analyzed with the CMA. I n the f i r s t s e r i e s of experiments,(8,54,55) the maximum power delivered i n the i n t e r a c t i o n zone was about 3 watts/cm2. The l a s e r was s t a b i l i z e d using the absorption s i g n a l produced i n the e f f u s i v e beam of sodium within t h e CMA. The density of Na i n the ground s t a t e was about 1.5x1013/cm3 i n the a c t i v e volume. I n the second s e r i e s of experiments, the l a s e r i n t e n s i t y could be increased up to 10 w/cm2.The l a s e r was s t a b i l i z e d and locked to the F=2 4 F = 3 hyperfine component of the D2 l i n e with a bandwidth of 20 MHz, using an a u x i l i a r y sodium oven placed outside of the CMA and producing a sodium beam on the path of the l a s e r beam. I n addition, a l i q u i d nitrogen t r a p , placed i n f r o n t of the oven, contributed to improve the s i g n a l to noise r a t i o t o a l a r e e x t e n t . The d e n s i t y of atoms i n t h e ground s t a t e was varied between 10' and lo1? atoms/cm3.
Two main f e a t u r e s have been observed during the f i r s t s e t of experiments. (8, 54, 55) . Fig.19 shows a photoelectron spectrum of Na atoms taken a t 75 eV photon energy. I n the absence of l a s e r r a d i a t i o n (upper p a r t of the f i g u r e ) , one observes photolines corresponding to i o n i z a t i o n of sodium atoms i n the 2p subshell, with the atoms i n it i a l l y i n the ground s t a t e : the main peak a t 38 eV binding energy corresponds to a p o s i t i v e ion being l e f t i n i t s lowest 2p5 1 9 3~ s t a t e s , the o t h e r peaks of lower int e n s i t y a t h i her binding energies, a r e s a t e l l i t e peaks corresponding to ions l e f t i n the 2p53p y3S, 3~, excited s t a t e s v i a f i n a l s t a t e e l e c t r o n c o r r e l a t i o n s . I n the lower p a r t of the figure(1aser on), an a d d i t i o n a l photoelectron l i n e appears, whose binding energy corresponds t o the binding energy of a 2p e l e c t r o n i n an excited 2~6 3~ 2~~/~ atom. This peak, a t about 40 eV binding energy, was a c l e a r manifestation of the presence of excited atoms i n the vapor. I t has been observed over an extended photon energy range. Using the f a c t t h a t the cross s e c t i o n f o r i n n e r s h e l l i o n i z a t i o n i n sodium depends l i t t l e on the o r b i t a l occupied by the o u t e r e l e c t r o n (561, a compar i s o n of the i n t e g r a t e d area of t h i s peak and of the main peak allows to o b t a i n the r e l a t i v e population of atoms i n excited s t a t e s , here c l o s e to 10%.
The second f e a t u r e detected during t h i s f i r s t phase of the experiments was the observ a t i o n of e l e c t r o n s produced i n the decay of autoionizing s t a t e s . I n Fig.20 , we show the following expression f o r f R , since i n the experiment the photon band pass i s l a r g e r than the width of the resonance: a n d 1 a r e the photon f l u x a t theenergy of second order photons and f i r s t order i k~t o n s ?resonance energy) respectively; E i s the energy of the Zp e l e c t r o n s ionized i n the l a s e r excited atoms by secohni order photons, FR i s t h e k i n e t i c energy of the autoionization e l e c t r o n s , o j h J ) i s the cross s e c t i o n f o r i o n i z a t i o n of the 2p electrons, A ( h J ) i s the band pass of the monochromator, NR and Nhj a r e the i n t e g r a t e d area under the autoionization l i n e and the 2p photoelectron l i n e from the l a s e r excited atoms. A l l terms can be determined experimentally, except f o r a(hS ) . I f one assumes t h a t the t h e o r e t i c a l predictions are c o r r e c t , i . e . t h a t the c r o s s s e c t i o n does not change with the p o s i t i o n of the o u t e r e l e c t r o n (56), one can obtain the values f o r fR, using the measured cross s e c t i o n f o r i o n i z a t i o n of 2p e l e c t r o n s i n the ground s t a t e . The main autoionizing resonance detected i n photoabsorption experiments(51) were investigated i n t h i s way and the measured osc i l l a t o r s t r e n g t h s w i l l be published elsewhere. (57) D i r e c t photoionization of the excited e l e c t r o n i n t o the continuum was not observed i n sodium with synchrotron r a d i a t i o n . However, i n searching f o r a photoelectron l i n e o r i g i n a t i n g from i o n i z a t i o n of the 3p excited e l e c t r o n i n a photon energy range where the c r o s s s e c t i o n was supposed t o be l a r g e r , i . e . a t lower photon energy, low energy e l e c t r o n s produced by c o l l i s i o n a l processes i n the l a s e r i r r a d i a t e d vapor, i n t h e absence of synchrotron r a d i a t i o n , were observed, (59). Fig.22 shows an example of e l e c t r o n spectrum obtained under l a s e r impact f o r r e l a t i v e l y high density of Na atoms ( 10~~1cm3) . The mechanisms responsible f o r the production of these e l e c t r o n s a r e a s s o c i a t i v e i o n i z a t i o n , energy pooling, ionizing c o l l i s i o n s ; then the primary e l e c t r o n s created by these various processes a r e heated by supere l a s t i c c o l l i s i o n s . The complete a n a l y s i s of t h i s spectrum was recently described. (59) . Here, we would l i k e only t o point out t h a t the existence of these low energy e l e c t r o n s could be a troublesome source of background t h a t would mask the expected e l e c t r o n spectrum a r i s i n g from photoionization of the excited e l e c t r o n . I t i s i nt e r e s t i n g t o note a l s o t h a t the peaks produced i n inner s h e l l i o n i z a t i o n (photoe l e c t r o n l i n e s and autoionization l i n e s ) can serve as an e x c e l l e n t tool to char a c t e r i z e the l a s e r excited vapor and to determine the r e l a t i v e and absolute dens i t y of atoms i n the ground s t a t e and i n the excited s t a t e , parameters which a r e necessary f o r the i n t e r p r e t a t i o n of the c o l l i s i o n experiments. 6 . Conclusion. -The experimental r e s u l t s p r e s e n t e d i n t h i s s h o r t review have demonstrated t h e w e a l t h o f i n f o r m a t i o n t h a t can b e o b t a i n e d from p h o t o i o n i z a t i o n experiments from atoms i n t h e ground s t a t e o r i n a n e x c i t e d s t a t e . I n p a r t i c u l a r t h e s u c c e s s of t h e experiments combining s y n c h r o t r o n and l a s e r r a d i a t i o n opens wide p o s s i b i l i t i e s f o r t h e f u t u r e . S e v e r a l a l k a l i m e t a l s and a l k a l i n e e a r t h s a r e good c a n d i d a t e s f o r such experiments t o be made. P r e l i m i n a r y r e s u l t s have, i n f a c t , a lready been o b t a i n e d on l a s e r e x c i t e d Ba atoms ( 5 7 ) . I n t h e f u t u r e , when photon beams e m i t t e d by u n d u l a t o r d e v i c e s mounted on new s t o r a g e r i n g s such a s SuperACO w i l l b e a v a i l a b l e , t h e i r i n t e n s i t y m i g h t b e s u f f i c i e n t f o r p h o t o i o n i z a t i o n s t u d i e s of exc i t e d s t a t e s i n which t h e e x c i t e d e l e c t r o n would n o t come from l a s e r e x c i t a t i o n of o u t e r e l e c t r o n of low b i n d i n g energy , b u t p o s s i b l y from u n d u l a t o r e x c i t a t i o n of an o u t e r e l e c t r o n i n a r a r e gas atom, o r even from t h e promotion of an i n n e r e l e c t r o n o n t o some empty e x c i t e d o r b i t a l . 
